Arthrobacter duodecadis was first described by Lochhead (1958) as a bacterium isolated from arable soil that indispensably required vitamin B 12 for robust growth. In accordance with its marked morphological characteristic, a change from rod to coccus, it was classified in the genus Arthrobacter. Although several chemotaxonomic characteristics of this genus have been reported (Keddie et al., 1966; Skyring & Quadling, 1969; Schleifer & Kandler, 1972; Keddie & Cure, 1977) , a full chemotaxonomic analysis has yet to be performed on A. duodecadis.
With respect to the composition of diamino acids in the cell wall peptidoglycan, in particular, Keddie et al. (1966) and Keddie & Cure (1977) reported that the strain contained lysine, which is one of the characteristics that define the genus Arthrobacter. In contrast, Schleifer & Kandler (1972) reported that it contained meso-diaminopimelic acid. The ambiguity of the taxonomic position of this species was pointed out by Keddie et al. (1986) . In this study, we carried out chemotaxonomic and genotypic studies on A. duodecadis to clarify its taxonomic position.
The type strains examined in this study, Tetrasphaera australiensis IAM 14901 T , Tetrasphaera japonica IAM 14891 T , Tetrasphaera elongata IAM 14965 T and Janibacter limosus IAM 14889 T , were obtained from the IAM culture collection. The culture conditions basically complied with the descriptions in the original reports. With regard to A. duodecadis, for the determination of the composition of diamino acids in the cell wall peptidoglycan, the type strain was obtained from different culture collections: IAM 14868 T from the IAM culture collection and NCIMB 9222
T from The National Collections of Industrial, Food and Marine Bacteria. The medium and culture conditions used in this study for A. duodecadis were: 1 g polypeptone, 0?2 g yeast extract, 0?1 g glucose, 0?1 g Casamino acids, 0?1 g MgSO 4 and 100 mg vitamin B 12 in 100 ml distilled water (pH 7?0), at 25 uC (Lochhead, 1958) .
The 16S rRNA gene was amplified and sequenced as described by Lin et al. (2004) by using an ABI PRISM 310 Genetic Analyzer (Applied Biosystems), according to the manufacturer's instructions. The partial 16S rRNA gene sequence of A. duodecadis IAM 14868
T determined (1485 bases) was aligned using the CLUSTAL W program (Thompson et al., 1994) with similar sequences obtained from the DDBJ database using BLAST (Altschul et al., 1997) and FASTA (Pearson & Lipman, 1988) . After ambiguous alignment sites had been removed, a phylogenetic tree was constructed using the neighbour-joining method (Saitou & Nei, 1987 members of this genus were 97?9 % for T. elongata, 96?8 % for T. australiensis and 97?4 % for T. japonica. By contrast, the sequence similarity with the type strain of Arthrobacter globiformis was 92?3 %. The tree (Fig. 1) showed that A. duodecadis differed from A. globiformis and fell into the cluster of the genus Tetrasphaera with a high bootstrap value (917/1000). This conclusion was also supported by using the maximum-likelihood method with the TREE-PUZZLE program (Schmidt et al., 2002) (data not shown). According to 16S rRNA gene signature nucleotide data (Stackebrandt & Schumann, 2000) , the 16S rRNA gene signatures were almost coincident with those of the family Intrasporangiaceae, with some mismatches (see Supplementary Table S1 in IJSEM Online). At positions 1133-1141, those of A. duodecadis and T. elongata were G-C, corresponding to other species of Tetrasphaera (Maszenan et al., 2000) and, for the four species A. duodecadis, T. japonica, T. australiensis and T. elongata, positions 952-1229 (T-A) were exceptions to the rule for the family Intrasporangiaceae.
Genomic DNA was extracted and purified by using the method of Saito & Miura (1963) . The G+C content of A. duodecadis IAM 14868
T was determined by using reversedphase HPLC (Mesbah et al., 1989) and was found to be 73 mol%, which is consistent with the result obtained using the T m method (72?5 mol%; Skyring & Quadling, 1969) . DNA-DNA hybridization was performed by using the microplate method (Ezaki et al., 1989) with CytoFluor 4000 (Applied Biosystems) being used for the fluorescence intensity measurements. The hybridization steps were carried out at 55 uC for 3 h in 26 SSC, 56 Denhardt's solution, 100 mg denatured salmon DNA, 2?5 % dextran sulfate and 50 % formamide in a final volume of 1 ml, which also contained 50-100 ng biotinylated probe DNA. A. duodecadis IAM 14868
T showed less than 20 % DNA-DNA relatedness with each reference strain used: T. japonica IAM 14891 T (15 %), T. australiensis IAM 14901 T (12 %) and T. elongata IAM 14965 T (4 %). Detailed results are available as Supplementary Table S2 in IJSEM Online. Therefore, it is proposed that A. duodecadis represents a separate genomic species (Wayne et al., 1987) in the genus Tetrasphaera.
The cellular fatty acid compositions of A. duodecadis IAM 14868 T and members of the genus Tetrasphaera were analysed by using the SHERLOCK Microbial Identification System (MIDI) and the MIDI standard procedure (Sasser, 1990) . Analysis of fatty acid methyl esters was carried out according to the standard protocol. Each strain was cultured on brain heart infusion agar (Oxoid) at 31 u C for 45 days. The cellular fatty acid profile of strain IAM 14868
T was similar to those of members of the genus Tetrasphaera; however, it contained a series of 10-methyl fatty acids (10-methyl-C 16 : 0 , 10-methyl-C 17 : 0 and 10-methyl-C 18 : 0 ), as shown in Table 1 . The dominant fatty acids were i-C 15 : 0 (15?8 %), i-C 16 : 0 (17?8 %) and 10-methyl-C 17 : 0 (20?4 %). Small amounts of 10-methyl-C 17 : 0 and 10-methyl-C 18 : 0 (tuberculostearic acid) were also present in T. japonica, but no 10-methyl fatty acids were detected in T. elongata or T. australiensis. Thus, the presence of 10-methyl fatty acids is thought to be an indication of the differentiation of A. duodecadis from other closely related species.
Homogeneous peptidoglycan fractions were purified from A. duodecadis IAM 14868
T and NCIMB 9222 T according to the method of Schleifer & Kandler (1972) . The amino acid composition was analysed by using HPLC with the Wako PTC-AAA System (Wako Pure Chemical Industries) and diaminopimelic acid isomers were determined by using one-and two-dimensional TLC methods (Harper & Davis, 1979) . The acyl types of muramic acids in the peptidoglycan were determined by using the glycolate test (Uchida & Aida, 1984) . The HPLC and TLC analyses indicated that each sample contained four amino acids, alanine, glutamic acid, aspartic acid and meso-diaminopimelic acid, in a ratio of 2?9 : 1?0 : 0?8 : 0?8. Interestingly, 50 % or more of the meso-diaminopimelic acid was hydroxylated to 3-hydroxy meso-diaminopimelic acid ( Supplementary Fig. S1 in IJSEM Online) and the content increased in accordance with the culture period. These results suggest that meso-diaminopimelic acid is located in the peptide subunit and aspartic acid descends from the interpeptide bridge. These results were consistent with those of Schleifer & Kandler (1972) , who identified the peptidoglycan of this bacterium as A4c-type. Other species of the genus have been reported to contain meso-diaminopimelic acid as a major diamino acid in whole-cell hydrolysates (Maszenan et al., 2000; Hanada et al., 2002) . The acyl type of muramic acid of A. duodecadis was shown to be acetyl by using the glycolate test.
The menaquinone fraction was prepared from lyophilized cells of A. duodecadis IAM 14868 T (Collins et al., 1977) . The composition and structures were analysed by HPLC (Tamaoka et al., 1983) and mass spectrometry (GCMS-QP 5050A; Shimadzu). MK-8(H 4 ) was shown to be the major isoprenoid quinone (>95 %).
Detailed morphological and physiological properties of A. duodecadis have been published previously (Lochhead, 1958; Owens & Keddie, 1969; Keddie et al., 1986) . In this study, we re-examined the bacterium's phenotypic properties using commercial kits. Aminopeptidase and O/F tests were carried out using a Bactident aminopeptidase kit (Merk KgaA) and Pourmedia OF medium (Eiken Chemical Co.), respectively. Acid production, decomposition and utilization of substrates and other biochemical reactions were carried out using the Biotest kit (Eiken Chemical Co.). The results are given in the description. We also observed morphological changes during culture using scanning electron microscopy and confirmed that a morphological change from rod to coccus occurred. In contrast, T. australiensis and T. japonica have been reported as not showing any significant change in cell shape. On the other hand, T. elongata, which has the highest 16S rRNA gene sequence similarity to A. duodecadis, was reported to produce L-shaped clumps of cells in culture (Hanada et al., 2002) . A comparison of the characteristics of A. duodecadis and Tetrasphaera species is shown in Table 2 .
Based on genotypic and phenotypic characteristics, we propose that A. duodecadis should be reclassified within the genus Tetrasphaera as Tetrasphaera duodecadis comb. nov. An emended description of the genus Tetrasphaera is provided.
Emended description of the genus Tetrasphaera Maszenan et al. 2000
The emended description is based on data from Maszenan et al. (2000) , Hanada et al. (2002) and this study.
Cells are cocci, occurring singly or in pairs but predominantly as tetrads or clusters, or exhibit morphological change from rod to coccus and V-and T-shaped formations. Aerobic, non-motile, non-endospore-forming and Grampositive to Gram-variable. Catalase-positive but negative for indole production. The major cell wall diamino acid is mesodiaminopimelic acid or 3-hydroxy meso-diaminopimelic acid. The major menaquinone is MK-8(H 4 ). The major cellular fatty acids are branched fatty acids; 10-methyl branched fatty acids are present in some species. The G+C content is 68-73 mol%. All species have G-C at positions 1133-1141 and T-A at positions 952-1229 as specific 16S rRNA gene signature nucleotides. The type species is Tetrasphaera japonica.
Description of Tetrasphaera duodecadis comb. nov.
Tetrasphaera duodecadis (du.o.de9ca.dis. L. n. duodecas -adis the number twelve; L. gen. n. duodecadis of twelve, referring to the requirement of the organism for vitamin B 12 ).
Basonym: Arthrobacter duodecadis Lochhead 1958.
Morphological and basic growth descriptions are taken from the original study by Lochhead (1958) and the description of peptidoglycan structure is based on data from Schleifer & Kandler (1972) . Cells are Gram-variable and exhibit rod to coccus morphological change; rods vary in length from 1?5 to 4 mm and are 0?5-0?6 mm wide. Many V-and T-shaped formations occur; coccoid cells are 0?4-0?6 mm in diameter. Exhibits slow growth. For regrowth from an L-drying ampoule on the medium of Lochhead (1958) , visible colonies may not appear for a week or more. Vitamin B 12 and thiamine are required for growth. Grows well at 20-32 uC; growth occurs at 10 uC but A large amount of 3-hydroxy meso-diaminopimelic acid is present instead of meso-diaminopimelic acid. Peptidoglycan structure is A4c-type. The acyl type of the cell wall is acetyl. The predominant cellular fatty acids are 10-methyl-C 17 : 0 , iso-C 16 : 0 and iso-C 15 : 0 . In addition, 10-methyl-C 18 : 0 (tuberculostearic acid) and 10-methyl-C 16 : 0 are present.
The type strain is IAM 14868 T (=ATCC 13347 T =NCIMB 9222 T =NBRC 12959 T ), which was isolated from soil. Lochhead (1958) . DData from Hanada et al. (2002) . dData from Maszenan et al. (2000) . §meso-A 2 pm, meso-Diaminopimelic acid.
